This paper applies the business cycle accounting methodà la Chari, Kehoe and McGrattan (2007) to a standard neoclassical small open economy model and assesses the economic crises in Hong Kong, Korea and Thailand. Quantitative results show that distortions in production efficiency are important in all countries in accounting for the sudden output collapses while distortions in the investment and international financial markets are not. If domestic or international financial frictions are the main source of the Asian crisis, they must have operated through total factor productivity (TFP).
Introduction
In late 1997, several East Asian countries experienced massive economic downturns. The key common feature of the crises in these countries is the sudden economic contractions in terms of output, consumption, and investment in 1998. This paper quantitatively analyzes the recession patterns in Hong Kong, Korea, and Thailand applying the business cycle accounting method developed by Chari et al. (2007) to a small open economy framework. The simulation results show that the sudden drops in total factor productivity (TFP) are necessary to quantitatively account for the Asian crisis. Furthermore, distortions in the investment and international capital markets are not quantitatively important in accounting for the recessions by disturbing the intertemporal optimality. Therefore, if domestic or international …n a n c i a l frictions were the major source of the Asian crisis, they must have operated through TFP.
Broad studies covering the Asian crisis focus on the causes and the procedures for the resolution of the currency crises 1 . In contrast, I focus on the sudden recessions in these countries. There are several closely related quantitative studies that analyze emerging market …n a n c i a l crises using dynamic general equilibrium models. Meza and Quintin (2007) shows that TFP and factor hoarding are important in accounting for the economic downturn during the 1994 …n a n c i a l crisis in Mexico. Mendoza (2005) and Mendoza and Smith (2006) calibrate their models to Mexican data and show that negative TFP shocks can trigger a current account reversal given a margin call requirement on foreign borrowing. Otsu (2008) shows that exogenous TFP alone can explain the sudden drop and rapid recovery of output while real interest rate shocks are important in accounting for the consumption drop in Korea. Benjamin and Meza (2009) shows that the rise in the interest rates can account for half of the drop in Korean output by triggering labor reallocation from high productive sectors to low productive sectors. Cook and Devereux (2006) shows that the exogenous rise in the nominal interest rate premiums in Korea, Malaysia and Indonesia can account for the output drops in these countries through a contraction in the nontradable sector. Gertler et al. (2007) shows 1 Burnside, Eichenbaum and Rebelo (2000) and Corsetti, Pesenti and Roubini (1999) claim that implicit government guarantees to companies and banks led to the crisis by increasing the future government cost. Chang and Velasco (2000) claims that …n a n c i a l liberalization in emerging markets attracted large short-term loans, which led to liquidity mismatches as in typical bank-run models. Krugman (1999) argues that capital out ‡ow forced the foreign debt relying corporate sector to reduce investment while real exchange rate depreciation increased the value of existing debt, which forced …r m s to further reduce investment and led to a debt crisis.
that the …n a n c i a l accelerator played an important role in amplifying the depressing e¤ect of real interest rate shocks on aggregate demand in Korea under the …x e d exchange rate regime. While these studies deduce the impacts of certain structural shocks on the economy, the main focus of this paper is to …n d "where" the important shocks are rather than "what" they are.
Business cycle accounting has become a popular method to analyze the sources of business cycle ‡u c t u a t i o n s . The seminal paper Chari et al. (2007) analyzes the US economy and shows that labor market distortions and TFP are important in accounting for the Great Depression and the 1982 recession. Kobayashi and Inaba (2006) and Saijo (2008) study the Japanese economy and …n d that distortions in the labor market and TFP are important in accounting for the lost decade in 1990s and the interwar recession, respectively. On the other hand, Chakraborty (2009) and Otsu and Pyo (2009) …n d that TFP and distortions in the investment market are important in accounting for the boom in Japan during the late 1980s. Cociuba and Ueberfeldt (2008) shows that TFP and labor market distortions are important in accounting for business cycles in Canada. Kersting (2007) …n d s that distortions in the labor market are important in accounting for the recession in the early 1980s and the subsequent recovery of the UK economy. Graminho (2006) shows that TFP is important in accounting for the slow growth during the 1980s while distortions in the labor market are important in accounting for the slump during the 1990s in Brazil. Xu (2008) shows that TFP is the main source of output ‡u c t u a t i o n s prior to 1992 while the importance of distortions in the capital market increased after 1992 in China. While these studies use a closed economy model, Lama (2009) uses a small open economy model similar to the one presented in this paper and …n d s that TFP and labor market distortions are important in accounting for the output drops in Latin America during the 1990s.
The model's foundation is the standard small open economy neoclassical growth model à la Mendoza (1991) and Correia et al. (1995) which consists of a representative household, …r m , government and the foreign sector. The …r m produces a …n a l good from capital and labor using a constant returns to scale production technology that ‡u c t u a t e s according to exogenous changes in TFP. The in…nitely-lived representative household gains utility from consumption and leisure. The household owns the capital stock and can borrow resources from abroad by issuing a non-state-contingent one-period foreign debt. There are disturbances in the international capital market in the form of shocks to the e¤ective rate of return on the foreign debt. The government sector collects distortionary labor income and investment taxes from the household, purchases goods and services, and rebates the remainder as a lump sum transfer. The distortions in the international capital, resource, labor, in-vestment and production markets are computed as "wedges" in equilibrium conditions and are taken as exogenous.
Foreign debt wedges represent disturbances in the foreign debt Euler equation. They do not exist in the original Chari et al. (2007) paper because it assumes a closed economy model. This paper can investigate the quantitative impacts of the disturbances in the international capital market by applying the business cycle accounting method to a small open economy model with foreign debt wedges. In the model, foreign debt wedges show up as the country speci…c risk premium which is proven to be a powerful source of business cycles in developing economies by Neumeyer and Perri (2005) and Uribe and Yue (2006) . However, other disturbances in the international capital market also manifest themselves as foreign debt wedges. For instance, a model with an external borrowing constraint, such as in Mendoza (2005) and Mendoza and Smith (2006) , can be mapped into a prototype model with foreign debt wedges as the Lagrangian multiplier associated to this constraint will operate as foreign debt wedges.
Government wedges correspond to government purchases that are assumed to be exogenous. In Chari et al. (2007) government wedges are measured as the sum of government purchases and the trade balance due to the closed economy setting. By assuming a small open economy, I naturally separate the endogenous trade balance from the exogenous government wedges. In Lama (2009), the trade balance is assumed to be endogenous in the same fashion as this paper. However, government wedges do not exist because government purchases are considered as part of the endogenous total consumption expenditure. I make the distinction between the exogenous government purchases and the endogenous household consumption.
Labor wedges represent disturbances in the labor …r s t order condition. Although labor wedges are de…ned as labor income taxes, there are also other possible sources of them. In Cole and Ohanian (2002) , monetary shocks generate labor wedges because nominal wages are set in the beginning of the period by labor unions. In Cooley and Hansen (1989), monetary shocks create labor wedges due to a cash-in-advance constraint on consumption goods. In Rotemberg and Wo o dford (1995), the markups of monopolistically competitive …r m s show up as labor wedges. In Christiano and Eichenbaum (1992), labor wedges emerge from a working capital assumption on labor input, which adds borrowing cost to labor cost. Taste shocks to marginal utilities of consumption and leisure as in Stockman and Tesar (1995) will show up as labor wedges because these shocks directly a¤ect the labor …r s t order condition 2 .
Investment wedges represent disturbances in the capital Euler equation. Although investment wedges are de…ned as distortionary taxes to investment, there are other possible sources of them. Chari et al. (2007) and Inaba and Nutahara (2009) show that models with …n a n c i a l frictions à la Bernanke et al. (1999) and Carlstrom and Fuerst (1997) can be mapped into a prototype business cycle accounting model with investment wedges. In Greenwood et al. (1988) , investment wedges arise from shocks to investment e¢ ciency that determine the rate at which the household can accumulate capital stock.
TFP is computed as Solow residuals. Chari et al. (2007) shows that a multi-sector model with input-…nancing frictions can be mapped into a prototype model with TFP ‡u c t u a t i o n . Cook and Devereux (2006) , and Mendoza (2005) apply a similar intermediate-good structure to the small open economy framework in which …n a n c i a l disturbances are related to emerging market recessions. Benjamin and Meza (2009) shows that labor reallocation from more productive sectors to less productive sectors led to a decline in overall TFP in Korea during the crisis. Ohanian (2001) conjectures that the huge drop in TFP during the US Great Depression was caused by the loss of organizational capital 3 , i.e. "the knowledge and know-how …r m s use to organize production". Mismeasurement of inputs will also appear as changes in measured TFP. For instance, in Greenwood et al. (1988) , endogenous changes in capital utilization in response to investment speci…c technology shocks cause ‡u c t u a t i o n s in measured TFP. Also, as shown in Burnside, Eichenbaum and Rebelo (1993), ignoring labor hoarding leads to an overstatement of TFP.
The model includes utility parameters, production parameters and parameters governing the stochastic shock process. I calibrate the model to data over the 1960-2003 period for each country to obtain the utility and production parameters. The stochastic process parameters are estimated using Bayesian estimation because the process includes some unobserved latent variables. Once I obtain the parameter values, I solve the model for linear decision rules, compute the wedges from data using the decision rules, and simulate the model by feeding the time paths of these computed wedges one by one into the decision rules. I then compare output, consumption, labor, investment, and the trade balance to output ratio generated from the model to data over the 1990-2003 period and assess the e¤ects of each wedge focusing on the sharp recessions in 1998. they appear in foreign debt and capital Euler equations as shocks to the marginal utility of consumption. 3 When there are failures of intermediate goods suppliers, managers must shift time away from production to searching for new suppliers. Since the organizational capital is not used for production, this will appear as a drop in TFP.
The key …n d i n g is that TFP drops are important in accounting for the sudden output collapses in all countries while changes in foreign debt and investment wedges are not. I show that the results are robust to alternative preferences and de…nitions of investment and foreign debt wedges. Using this result, we can evaluate detailed models emphasizing the importance of international …n a n c i a l frictions in accounting for the Asian crisis by mapping them into a prototype model with foreign debt wedges. A successful model in this line must have endogenous spillover e¤ects from international …n a n c i a l frictions onto TFP.
The remaining sections are organized as follows. Section 2 discusses the facts of the East Asian crisis. Section 3 describes the benchmark small open economy model. Section 4 presents the quantitative results. Sensitivity analysis is conducted in section 5. In section 6, channels through which foreign debt wedges can cause endogenous drops in measured TFP are discussed. Section 7 concludes the paper.
Asian Crisis
In this section, I document the similarities and di¤erences of the recession patterns in Hong Kong, Korea, and Thailand from both the production and demand sides using data over the 1990-2003 period. The key similarities are that in all countries output suddenly dropped in 1998; consumption dropped as much as output did; and the trade balance is countercyclical during the crisis. The main di¤erences are the magnitudes of the economic downturns and their durations in each country. Figure 1 shows the ‡u c t u a t i o n of output and production factors per adult population in each country from 1990 to 2003 where Y , L, and K stand for output, labor, and capital stock respectively. In addition to these production factors, I report the real interest R in each country. Each series are detrended with the HP …l t e r . Output and adult population data are from the World Bank, World Development Indicators (WDI) database. The capital stock series is computed using the perpetual inventory method and data from Nehru and Dhareshwar (1993) 4 . Labor (total hours worked) is the number of employed workers and average weekly hours worked per workers. The labor data is from the International Labor Organization LABORSTA database 5 . Real interest rates are computed as the nominal lending rate minus the expected in ‡ation rate of the GDP de ‡ator 6 . All three countries experienced output collapses in 1998 whereas the magnitudes of economic downturns are quite di¤erent ranging from 7:9% to 13:8%. Also, the recovery patterns are di¤erent. In Hong Kong, output remained low in 1999 and then rapidly recovered in 2000. In Korea, output immediately recovered and returned to trend level in 2000. In Thailand, it took until 2002 to return to its trend level.
Production Side
The ‡u c t u a t i o n in capital generally lags the business cycle because it takes time to replace or install capital stock. On the other hand, labor can react instantaneously to shocks. Thus, the ‡u c t u a t i o n in labor is typically highly correlated with the business cycle. This is true in Korea during the crisis where the labor series spikes down in 1998. However, labor did not drop in Thailand, which implies extraordinarily large drops in TFP 7 .
where h t is the average weekly hours worked per worker, e t is the number of employed workers and N t is adult population. l t is restricted to be between zero and one given that the average weekly hours worked never exceeds 14 7 hours. 6 For simplicity, I assumed that the expected in ‡ation rate is the average of the current ex post annual in ‡ation rate and the in ‡ation rate of the past year. That is, E t (i t+1 ) = 0:5i t+1 + 0:5i t where i t+1 is the percentage change of the GDP de ‡ator from this year to next year. 7 The reason why labor did not fall in Thailand in 1998 is that hours worked per worker in the non-agriculture sector, which is used as the data, increased in 1998. This might be related to the fact that labor shifted from the non-agriculture sector to the agriculture sector. Moreover, since the data does not include hours worked in the agriculture sector, it might overstate the true level of labor.
In Hong Kong, real interest rates increase in 1998 and peak in 1999. In Korea, real interest rates jump up in 1998 and rapidly return to the trend level. In Thailand, real interest rates jump up in 1997 and peak in 1998. The sudden rise in real interest rates represents the …n a n c i a l crisis in Asia. Figure 2 shows the ‡u c t u a t i o n of output and its components. Y, C, X, G and TB/Y stand for output, consumption, investment, government purchases, and the trade balance to output ratio respectively. The data are from WDI.
Demand Side
Ideally we would like to use the data of household expenditures on nondurables and services for consumption. However, since this data is not available for Hong Kong and Thailand, I use household …n a l consumption expenditure which includes expenditures on durables 8 . Investment includes private and government domestic capital formation. Government purchases include all goods and services purchased by the government. The trade balance is divided by output in order to adjust for the growth of the economy. The unit of each series is log deviations from the trend except for the trade balance to output ratio.
Both consumption and investment are procyclical whereas the trade balance is countercyclical during the crisis in all countries. Government purchases are procyclical in Hong Kong and Thailand, but are acyclical in Korea. This implies the lack of expansionary …s c a l policies during the recession. An interesting fact is that in all countries consumption fell more than output. The annual consumption drops in Hong Kong, Korea and Thailand from 1997 to 1998 were 8:4%, 18:2%, and 14:2% respectively, which are greater than the output drops in each country 9 . 8 The only country that has durable goods consumption data is Korea. I con…rmed that the following results for Korea are not sensitive to the di¤erence in the de…nition of consumption.
9 Otsu (2008) shows that the sudden rise in the real interest rate in 1998 is important in accoutning for the sudden drop in consumption in Korea. 
Benchmark Prototype Small Open Economy
The economy is a small open economy which consists of representative household, …r m , government and foreign sectors. Given wages and the rate of return on capital stock and foreign debt, the household chooses how much to work, invest, consume, and borrow from abroad by issuing a non-state-contingent one-period debt to foreigners. The …r m produces the …n a l good from capital and labor using a Cobb-Douglas production function given wages, return on capital and TFP. The government collects distortionary taxes on labor in-come and investment from the household, purchases goods and services, and rebates the remainder through lump-sum transfers. Following the business cycle accounting method in Chari et al. (2007) , the distortions are treated as exogenous.
Household
The lifetime utility for the representative agent depends on utility from consumption and disutility from labor;
where (0 < <1) is the subjective discount rate, c t is consumption, and l t is labor supply which is the fraction of total hours available allocated to work. For the periodical preference function, u( ), I assume standard Cobb-Douglas preferences:
The representative agent maximizes the lifetime utility (1) subject to the budget constraint:
and the capital law of motion:
where k t is capital stock, x t is investment, d t is foreign debt, R is the world real rate of return, w t are real wages, and r t are real capital rental rates respectively. The lower-case letters c t ; k t ; x t ; and d t are all detrended with constant growth rates of adult population n and labor augmenting technical progress where =(1 + )(1 + n). The foreign debt premium I assume the functional form of the debt adjustment costs (d t+1 ) as
where d is the steady state foreign debt. Assuming debt adjustment costs is one of the ways to remove the random walk component in the Euler equation for international asset holdings that are introduced in Schmitt-Grohe and Uribe (2003) 10 . I set arbitrarily small so that this portfolio adjustment cost will not a¤ect the short run dynamics of the model. 
Firm
The …r m produces a single …n a l good with a Cobb-Douglas production function:
where y t is the detrended per adult output and z t represents TFP, which is equivalent to e¢ ciency wedges in Chari et al. (2007) . The …r m 's pro…t maximization problem is,
Government
The government collects distortionary taxes, purchases goods and services, and rebates the remainder to the household as lump-sum transfer t . Thus, the government budget constraint
holds for all periods. For simplicity, I do not consider government debt. 10 Schmitt-Grohe and Uribe (2003) also introduces models with an endogenous discount factor, debt elastic interest rates and complete asset markets, and conclude that all models deliver virtually identical quantitative results. 11 I de…ned capital adjustment cost as a loss of resources instead of a disturbance in capital accumulation as in CKM (2007) since it is convenient to keep adjustment costs out of (4) when I compute capital stock using the perpetual inventory method. Notice that the adjustment cost function reduces to
This simpli…cation can be done because I de…ned investment adjustment cost as a loss of resources.
Forei gn Sector
One key di¤erence from Chari et al. (2007) is that I explicitly introduce the foreign sector. Since international debt is issued to the foreign sector, the small open economy must repay whatever it borrowed from abroad. The trade balance is de…ned by
For simplicity, I assume that the foreign debt adjustment costs are paid to the foreign sector 12 .
Competitive Equilibrium
The competitive equilibrium is, a collection of quantities, prices and wedges 3. Markets clear and the government budget constraint (7) holds.
4. The resource constraint holds:
5. Shocks follow the process
where
x t ; z t 0 and " t = (" gt ; " dt ; " lt ; " xt ; " zt ) 0 .
De…nition of We d g e s
In the business cycle accounting method the wedges represent the distortions in relevant markets. We can quantify them using the equilibrium conditions derived from the model.
Foreign debt wedges
d , labor wedges l and investment wedges x are de…ned by the foreign debt Euler equation:
the labor …r s t order condition:
and the capital Euler equation:
respectively. The marginal utilities of consumption and labor are:
and
respectively. TFP z and government wedges g t are de…ned by (5) and (9).
4 Quantitative Analysis
Parameter Va l ues
In order to simulate the model, the parameter values must be pinned down. The chosen parameter values are listed in Table 2 . The capital income share parameter is set following Gollin (2002) which shows that the mean capital share over 41 sample countries is approximately 1/3 after adjusting for self-employment income. The discount factor is assumed to be 0.95 in all countries, which is a common value in the literature. The world real rate of return R is common to all countries and is assumed to be constant at the level of 1.04 13 . Other parameters are obtained from data over the 1960-2003 period. 
The trend growth rate is estimated by a regression of the log of Solow residuals:
on a linear trend and a constant, where Y t , K t , and L t are non-detrended per capita output, capital, and labor respectively 14 . The depreciation rate is the average of t calculated from the capital accumulation equation
using the data from Nehru and Dhareshwar (1993) , where N t is the adult population and X t is the non-detrended per capita investment 15 . The steady state levels of TFP and labor wedges, z and l , are normalized at zero. The steady state level of government wedges g is calibrated to match the average government purchases to output ratio computed from data. The steady state level of foreign debt wedges d is calibrated from the steady state 14 Assuming constant labor augmenting technical progress,
15 The annual depreciation rates seem lower than conventional values for the U.S. One possible reason might be because we do not include durable goods consumption in investment. Nonetheless, we do not adjust for this fact since the results are not sensitive to this parameter.
foreign debt Euler equation:
The steady state level of investment wedges x is calibrated from the steady state capital Euler equation:
to match the capital to output ratio to data. The consumption-leisure utility parameter is calibrated from the steady state labor …r s t order condition:
to match the value of the right hand side to data. Following Chari et al. (2007), I choose the value of to match the elasticity of the relative price of capital with respect to the investment-capital ratio (i.e. marginal Tobin's q) to 1=4. Since the relative price of capital in the model is
, the elasticity is
Setting this equal to 1=4 implies
Since investment and foreign debt wedges are de…ned by the expectational Euler equations which include expected variables, the parameters in the shock process (10) must be estimated 16 . The parameters to be estimated are the persistence parameters in the P matrix and the variances and covariances in the Q matrix. The values of P 0 are determined by the steady state equations. I use linearly detrended data on output, consumption, investment, labor, and government purchases as observable variables for the estimation because there 16 Unfortunately, the labor data for Hong Kong, Korea, and Thailand start at 1985, 1970, and 1983, respectively, which makes the data period short. Since the sample data period is short, instead of using MLE as in CKM (2007) are 5 exogenous shocks in the stochastic process. The posterior modes from the Bayesian estimation are reported in Table 3 17 . 
Computing We d g e s
Given the parameters values, the model can be solved quantitatively. I use the method of undetermined coe¢ cients à la Uhlig (1999) , and so on. Figure 3 presents the values of the computed wedges in each country over the 1990-2003 period. Since changes in wedges a¤ect the expectation of future wedges through the P matrix, the e¤ects of the wedges are complex. In the following, I limit my discussion to the direct e¤ects of each wedge in order to build basic intuition.
Government wedges fell in all countries in 1998. This implies that governments in Asia did not resort to expansionary …s c a l policy during the crisis. A drop in government wedges creates a positive income e¤ect. The household should increase consumption, leisure, investment and foreign lending in order to increase its lifetime consumption. Due to the decrease in labor supply, output should also decrease.
Foreign debt wedges increase in all countries in 1998. Figure 4 compares the computed foreign debt wedges to real interest rates which is the natural empirical counterpart 18 . It turns out that foreign debt wedges peak later than the real interest rates do in Korea and Thailand. Furthermore, they increase much less than real interest rates rise in Korea. In spite of their discrepancies from the real interest rates, the increases in foreign debt wedges in 1998 do capture part of the …n a n c i a l crises as they represent the increase in distortions in the foreign debt market. An increase in the foreign debt wedges should improve the trade balance because borrowing becomes expensive. Consumption and leisure should decrease because the increase in the borrowing cost causes negative income and intertemporal substitution e¤ects. Investment tends to fall as well since the return on investment must be equal to the international borrowing cost from (11) and (13) . Since current labor increases, a rise in foreign debt wedges leads to an increase in output. Labor wedges increased in 1998 in Hong Kong and Korea, and in 1999 in Thailand. Labor wedges primarily a¤ect labor supply and consumption by changing the e¤ective real wage in (12) . An increase in labor wedges reduces the e¤ective real wage that the household receives. Consumption and labor should decrease as leisure becomes relatively inexpensive. A decrease in labor leads to a decrease in output.
Investment wedges increased in Thailand but dropped in Hong Kong and Korea in 1998. An increase in investment wedges depresses investment and stimulates current consumption and leisure by increasing the e¤ective prices of investment relative to current consumption. A decrease in current labor supply leads to a decrease in output.
TFP fell sharply in all countries in 1998. A drop in TFP leads directly to a drop in output while it also reduces the marginal product of labor. The latter leads to a drop in the e¤ective real wage. Consumption should decrease from both negative income and substitution e¤ects. The household should decrease investment and increase foreign borrowing in order to smooth consumption 19 . The response of labor depends on the o¤setting income and intratemporal substitution e¤ects on leisure.
In Korea, several conglomerates such as Jinro and Kia went bankrupt in 1997. These bankruptcies might have lead to the drop in TFP through a temporary loss in organizational capital as shown in Ohanian (2001) . Benjamin and Meza (2009) show that the labor shift from the high productive sector such as manufacturing to the low productive sectors such as agriculture can account for half of the TFP drop in Korea. The labor shift from the manufacturing sector to the agricultural sector also occurred in Thailand. As shown in Meza and Quintin (2007), if we consider labor hoarding such that e¤ective labor input actually decreased but was reported otherwise, the drop in measured TFP will be overstated. Higher employment share in the agriculture sector may have led to an increase in labor hoarding during the crisis. Other possible sources of the TFP drop are discussed in the following sections.
Simulation
In order to evaluate the e¤ects of the wedges, I plug each wedge into the model one by one and compute the ‡u c t u a t i o n of endogenous variables using the linear decision rules following Chari et al. (2007) . By construction, plugging in all of the wedges will produce a simulated series that perfectly matches the data. When plugging each wedge into the model, I do not change the estimated stochastic process. Figure 5 presents the simulation results for each country with each wedge while Table 4 reports the change in each variable between 1997 and 1998 in response to each type of wedges. In Hong Kong, almost the entire drop in output in 1998 is accounted for by the drop in TFP. The drop in consumption and investment are also mainly accounted for by TFP. The drop in labor is accounted for by labor wedges. The rise in the trade balance is mainly accounted for by investment wedges.
In Korea, the increase in labor wedges and the drop in TFP are both important in accounting for the drops in output, consumption and investment during the crisis. Labor wedges are important in accounting for the drop in labor and the rise in the trade balance. Labor wedges in Korea turn out to be important because labor supply actually fell quite dramatically compared to other countries.
In Thailand, the huge drop in TFP alone predicts the output to drop more than the actual data during the crisis. The drop in TFP is also important in accounting for the drop in consumption. Investment wedges and TFP are important in accounting for the drop in investment. Foreign debt wedges are important in accounting for the rise in the trade balance.
In short, the main …n d i n g is that TFP is important in accounting for the sudden output collapses in all countries while investment and foreign debt wedges are not. This is a useful result for researchers because it rules out erroneous models before even experimenting them. That is, models that do not incorporate drops in TFP cannot quantitatively account for the Asian crisis.
Sensitivity Analysis
One key result of the analysis is that foreign debt and investment wedges do not play important roles in accounting for the recessions in Asia. In this section, I consider alternative forms of distortions in the international capital and investment markets and show that the result is robust. I also show that this result holds in a model with GHH preferences, which are widely used in the open economy literature. Table 5 reports the changes in output in response to each wedge in the alternative models. 
instead of (2). The stochastic process (10) is reestimated assuming s t = ln g t ; tb t ; l t ; k t ; z t 0 and " t = (" gt ; " tbt ; " lt ; " kt ; " zt ) 0 . An exogenous increase in the trade balance creates a negative income e¤ect which decreases consumption, leisure, investment, and foreign lending. An increase in labor leads to an increase in output. Therefore, an increase in foreign debt wedges and an exogenous improvement in the trade balance have the same e¤ects on the endogenous variables.
The …r s t row in Table 5 reports the quantitative results from the model with trade balance wedges instead of foreign debt wedges. The second column indicates that the increase in trade balance wedges increases output, which is consistent with the …n d i n g of Chari et al. (2005) . The e¤ects of other wedges are similar to those in the benchmark model. Thus, international …n a n c i a l frictions are not important in accounting for the recessions in Asia whether they are modeled as foreign debt wedges or as trade balance wedges.
Capital We d g e s
Christiano and Davis (2006) point out that the simulation results from a model with intertemporal wedges in the form of capital income taxes are di¤erent from those from the benchmark model with investment wedges.
Assume that the government imposes taxes on the household's capital income net of depreciation as Christiano and Davis (2006) . The budget constraint is (2) . The government budget constraint is adjusted accordingly. The Euler equation is
The stochastic process (10) and " t = (" gt ; " dt ; " lt ; " kt ; " zt ) 0 . Given the persistence of the shocks, an increase in capital wedges will lead to an increase in expected future capital wedges, which reduces the expected return on investment. This should discourage investment and encourage consumption and leisure from the same reason as the investment wedges do in the benchmark model. Therefore, capital wedges and investment wedges should have the same e¤ects on the economy.
The second row in Table 5 shows the simulation results from the model with capital wedges instead of investment wedges. The third column shows that capital wedges are slightly more important in accounting for the output drops than investment wedges. Nonetheless, they are by far much less important than TFP. Therefore, distortions in the domestic capital market are not important in accounting for the recessions regardless of whether they are modeled as investment wedges or as capital wedges.
GHH Preferences
In the benchmark model, I have assumed Cobb-Douglas preferences which are widely used in the macroeconomic literature including Chari et al. (2007) . In this section, I consider GHH preferences named after Greenwood et al. (1988) , which are commonly used in the small open economy real business cycle literature such as Mendoza (1991) and Correia et al. (1995) .
The functional form of GHH preferences is
The …r s t order conditions (11), (12) and (13) are the same as those in the benchmark model, but the marginal utilities:
and u lt =
are di¤erent 20 . The key di¤erence between the Cobb-Douglas and GHH pref- 20 Following Correia, Neves and Rebelo (1995), the labor disutility curvature parameter is calibrated to match the elasticity of labor supply: 1 1 to the Frisch labor supply elasticity erences is that GHH preferences have no income e¤ects on labor supply. That is, the marginal rate of substitution for labor l 1 t does not depend on consumption. Figure 6 shows the computed wedges given the reestimated shock process (10) . Government wedges and TFP are exactly the same as the benchmark case. Labor wedges are di¤erent from the benchmark case because the marginal utilities of consumption and leisure are di¤erent. They fall in all countries in 1998 because with GHH preferences, the fall in TFP leads to a very large fall in labor and output. Foreign debt and investment wedges are also di¤erent from those in the benchmark model because the marginal utility of consumption is di¤erent. Foreign debt wedges jump up in Korea and Thailand in 1998 and in Hong Kong in 1999. Figure 4 shows that foreign debt wedges in the model with GHH preferences are much more in line with real interest rates in Korea than in the benchmark model. Investment wedges increase in 1998 in Korean and Thailand and in 1997 in Hong Kong. The e¤ects of each wedges are the same as those in the benchmark model except that there are no income e¤ects on leisure. Table 6 summarizes the simulation results. In Hong Kong, the drop in output, consumption, labor and investment in 1998 are all mainly accounted for by TFP. Foreign debt wedges are important in accounting for the rise in the trade balance. Foreign debt wedges are also important in accounting for the drop in investment in 1999.
In Korea, the drop in output and labor are mainly accounted for by the drop in TFP. Foreign debt wedges and TFP are important in accounting for the drop in consumption. TFP, foreign debt and investment wedges are all important in accounting for the drop in investment. Foreign debt wedges are important in accounting for the rise in the trade balance.
In Thailand, the drops in output and consumption are accounted for by the drop in TFP. Both TFP and investment wedges are important in accounting for the drop in investment. Foreign debt and investment wedges are important in accounting for the rise in the trade balance. Greenwood et al. (1995) show that GHH preferences are a reduced form representation of preferences with household production. The disutility of market labor l t represents the cost of reducing leisure and household labor h t 21 . Consider a household production function m(h t ) and de…ne total consumption as c t + m(h t ). Since household production a¤ects the marginal utility of market consumption, it shows up as intertemporal wedges in the foreign debt and capital Euler equations (11) and (13) in the benchmark model 22 . Furthermore, since leisure should be de…ned as 1 l t h t , the …r s t order condition for market 21 Perfect equivalence requires = 1:
where that in the benchmark model is
labor l t will include additional terms of h t which show up as labor wedges 23 . Therefore, the real business cycle model with GHH preferences can be mapped into the benchmark model with TFP, labor, and intertemporal wedges.
The model with GHH preferences exaggerates the benchmark result that TFP is important in accounting for the drop in output. The household production interpretation of the model with GHH preferences helps explaining the intuition of this result. When TFP falls, real wages fall so labor shifts from market labor to household labor. Therefore, market labor l t and market consumption c t decrease while household labor and household production m(h t ) expand. As a result, market output y t falls in response to the drop in TFP more than in the benchmark case. This is a possible explanation for why the benchmark labor wedges increased during the crisis especially in Hong Kong and Korea. A rigorous calibration of a model with explicit household production is left for future research.
Forei gn Debt We d g e s and Endogenous TFP
The result that TFP is important in accounting for the output drops in each country does not necessarily contradict with the …n a n c i a l crisis literature that emphasizes the importance of distortions in the international capital market. Instead, it implies that if international …n a n c i a l frictions are important in accounting for the drops in output, they must operate through TFP.
For instance, consider a model with variable capital utilization u t in which TFP endogenously ‡u c t u a t e s in response to foreign debt wedges. Assume that …r m s must temporarily borrow from abroad at the rate of (1 + dt )R in order to pay for the wage bill due to an external working capital constraint as in Neumeyer and Perri (2005) . Since the …r m borrows in the beginning of the period and pays back at the end of the period, the …r m 's problem remains static: max t = exp(b z t )(u t k t ) l 1 t
(1 + dt )Rw t l t r t u t k t :
A similar mapping can be done for the capital Euler equation. 23 With u(c; l; h) = log(c t +m(h t ))+(1 ) log(1 l t h t ), the labor …r s t order condition is where b z t is the TFP adjusted for the endogenous capital utilization. The capital law of motion is
where the utilization a¤ects the rate of depreciation. The additional equilibrium condition y t k t = !u ! t determines the optimal rate of utilization. As shown in Figure 4 , compared to the benchmark model, the foreign debt wedges rise dramatically during the crisis. In fact, the foreign debt wedges rise more than the real interest rates in each country. In this model, foreign debt wedges not only disturb the intertemporal optimization, but also a¤ect measured TFP. A rise in foreign debt wedges raises the labor cost which reduces labor demand. The drop in labor reduces current marginal product of capital. Therefore, the …r m reduces capital utilization. This further reduces the marginal product of capital. As a result, measured TFP, labor, and output all fall in response to a rise in foreign debt wedges.
The fourth row in Table 5 reports the results of this model. The importance of foreign debt wedges increased dramatically in all countries because the endogenous drop in capital utilization accounts for part of the drop in measured TFP. However, even with the large increases shown in Figure 4 , TFP adjusted for variable capital utilization is still the main source of the output drops in all countries 24 . Models that are e¤ective in explaining emerging market recessions through shocks to interest rates consider alternative channels through which shocks endogenously spillover onto measured TFP. In Gertler et al. (2007) , the …-nancial accelerator mechanism ampli…es the endogenous response of capital utilization to interest rate shocks. In Cook and Devereux (2006) , a rise in the interest rates reduces output through depressing the demand for intermediate inputs borrowed from abroad, which causes a decline in measured TFP. In Benjamin and Meza (2009), a rise in the interest rates triggers labor reallocation from high productivity sectors to low productivity sectors due to sector speci…c working capital constraints. Combining these channels will further increase the importance of the foreign debt wedges in accounting for the sharp recessions in East Asia. A quantitative analysis on evaluating each channel is
Conclusion
This paper conducts a business cycle accounting analysis of Hong Kong, Korea, and Thailand over the 1990-2003 period in a standard neoclassical small open economy setting. Business cycle accounting is aimed to identify where the important distortion is and not to reveal the identity of that distortion. The main …n d i n g is that TFP is important in accounting for the economic downturns in all countries while investment and foreign debt wedges have little impact on output in all countries. One important application of this method is to rule out erroneous models and to identify the potentially successful ones. The results rule out models that emphasize shocks that manifest themselves as government, foreign debt, and investment wedges as the direct causes of the recessions in East Asia. Nonetheless, this does not rule out models in which TFP ‡u c t u a t e s endogenously in response to these shocks. Instead it implies that if international …n a n c i a l imperfections or speculative attacks are the sources of the output collapses in East Asia, these should have caused TFP drops. Future study should aim to quantify the linkages between foreign debt wedges and TFP drops during the Asian …n a n c i a l crisis.
